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(57) Abstract

Apparatus for printing three-dimensional objects, particularly objects having a substantially spherical shape, comprising a pad for
printing by means of pad printing, wherein said pad has a silicon shape with a determined thickness, which is mounted on a hollow pad
holder (1) made of an undeformable material which constitutes an isolated space together with said silicon shape (2), which is supplied
with compressed air and which is connected to a pressure vessel by means of a main element (4) provided therefor through an opening (3),
characterised in that the apparatus is arranged in open loop, wherein there is provided an additional separate aperture (8) for a separate inlet
and outlet of air (3, resp. 8), with a pressure regulating unit (6) enabling to keep the pressure in the pad greater than or at a preset level P,
wherein said pressure regulating unit (6) regulates the compressed air which enters the regulator through a supply main (7).
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Fiéxiblé stamp apparatus for printing three dimensional
spherical or curved objects

This invention relates to a flexible stamp apparatus for printing thres dimensional
spherical and/or curved objects.

Ptior 3t

It is presently. known: to- use.2- hollow; half silicon- spherical. shape for printing:
spherical objects, such as toy balls. This silicon shape has a thickness of about 2
cm and it is mounted on a hollow fiexible stamp or pad holder. The silicon shape
aRd tHé pad REId6F aré desighated Néreafter as "thé pad

The pad holder s made of ah undeformable materal and has the shapé of a dru.
It forms- together.with. the. silicor shape, an-hermetically closed space having only
one aperture as contact with the outside. At this sole aperture, a flexible tube
having a sufficiently great diameter is connected to a pressure vessel. Said
BrEg5iITE Vessel is Aot réprésented at SGal. THIS pressure vesssl 1esds to havé &
volume which can contain 10 fo 100 times the volume of the pad indesed. The
pressure vessel is vet generally kept under a light over-pressure by means of a
separate pressure regulator.

This construction sefves for keeping the pressure in the pad 38 constant as
possible.during the-printing eyele.. lndeed{ a pressure variation in the pad resuits in
the dilatation or the retraction of the silicon part. Owing to this, the image on the
silicon part becomes bigger or smailer with a bad printing quality on the printed
spherical objects. The differant times of the printing cycle of the prior art Show
subsequently a rest position wherein the pressure i the pad is equat to the one in
the pressure vessel. This pressure is designated hereafter with the reference P.

THe pad i§ moved from the Fest position to &aid objéct 16 bé printéd in & relaftive
movement according to arrow F ‘and it bends over the object to be printed. The air




10

15

20

25

30

WO 00/61371 PCT/BE00/00032
5
ih the pad 7 pressed to thé pressure vessel through the fiexible tube. However,
despite the fact that the volume of the pressure vessel is several times greater
than the content of the pad, this displacement of air volumes yet results in a slight

increase of the pressure in the pad and vessel, which is designated hereafter by
fhié référence P

AfiEF fhis, thé pad Feturns to its original &tate a&ording 16 the diréction Jf arrow F,
i.e. to the rest position. The air now moves back from the pressure vessel to the
pad. The pressure in the system now becomes greater than P, which is referred to
hereafter with P", but during this part of the cycle, the latter decreases again so as
to become pressure P again.

Thé aBove-mentioned Known Systém is & dIG8ed GircUit whérein the air, which is
pressed out of the pad during the printing and inking stage, goes back to the
pressure vessel. When the pad goes back to its original position, the air retumns to
the pad again from the pressure vessel.

The great advantage of this system consists in that despite the Tact that the volume
of the pressure \éesser is several times greater than the volume of the pad. there is
still a small pressure variation, i.e. P, P', P*, which affects unfavourably the printing
quality during the pad action on the objects to be printed.

This invention aims at remediating the above-mentioned drawback. Thus in this
invention, a hollow pad as above is used, wherein instead of using a closed circuit,
the pad is now incorporated in an open circuit according to the invention.

Nok. withstanding that the apparatus according to the invention has a lowst air
consumption; it yet enables determining the pressure in the pad in a very accurate
way at each time of the printing cycle. This is a very important parameter for
printing at least partially spherical objects, particularly in connection with the
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Printing quality theredf, the imporance whereof increases as nowsdays the
requirements set for the printing quality are always becoming strenger.

Further properties and particuiarities are définéd in thé appénded claims.

Some exemplary embodiments of the system according to the invention are
described hereafter in the light of the appended drawings.

THiS IAVERLIGA 4186 rlates (6 & Prokess for pAntinG At 18ast partidlly spherical
and/er curved three dimensional objects. It is to be understood that a substantially
differentiating element in this invention consists in that an open loop is used here
and not a closed loop, wherein in addition the inlet side and the outlet = . of the
pad are ¢leary saparated from each other. Thahks 1o this $pedific process
according to the invention a remarkably higher printing quality is achieved.

Figure 1 is a schematic representation of a closed pad system for printing sphericat
objects such as known from the prior ant.

Figures 2a to 2¢ are schematic representations of the various steps and states of
the Kndwii Systém dufing a (Compléteé) working Cycle.

Figure 3 is a schematic representation of an open sysiem with a pad for printing
spherical objects according to the invention.

Figure 4 is the functional representation of the schematic view of the apparatus
SCCOIAING 16 thé invention according to Figure 3.

Figures 4a to 4¢ represent in a schematic way the various steps and states of the
apparatus according to the invention as represented in Figure 4 in its basic
embodiment.

Figuré 5 & the representation of a first altérnative of the apparatus with pad for
printing spherical objects according to the invention as r.epresented schematicaky
in a basic embodiment in figure 4.

Figure 6 is the representation of a further alternative of the apparatus with pad for
prirting SPRErcal SBjécts according to the Invention.
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Figure 7 ié the represéntation of a still further alternative of the apparatus with pad
for printing -spherical objects according to the invention.

Dasgiiption

Figure. 1- shows-an apparatus with & pad holder 1 and a so-calied silicone shape 2
which are comparable to the present prior art. However, in this pad holder 1, there
is provided in addition to a traditional aperture 3 an additional aperture 8, resuiting
i tRat the sysfem Pressnts séparate aperturés for thé iniét 3 of the air and
respectively the outlet 8 of the air through a conduit 4, resp. 4' provided therefor. A
fast and accurate pressure regulating unit 8 which is incorporated in the inlet 4
causes the pressure in the pad 25 never to fall under a preset level established at
presstre P. Therefor the T pressure regulating unit adjusts he compressed air which
enters the reguiator 6 through a supply flexible tube 7 according to F. An accurate
and fast over-presstre valve 9 is connected to the outlet - = 8 of the pad holder
25 at the outlet hole 8. As soon as the pressure in the pad 25 becomes greater
thar he Bréset value of the pressuré P, fRE Guir-préssiire vaive 9 will Bow off
according to &' 10 the outer air 40 through the outlet 10.

DifféFant SMbOAIMEntS a6 déscribed heréinafter aRer the prefiminary dSeripficn
of how the ‘above deseribed basic embodiment of the apparatus accerding to the
invention works.

....

constant pressure P in the pad 25. Both the -pressure regtiating system & and the
over-pressure valve 9 are in a closed position.

Figure 4b Shows hiow the pad 25 moves dowriwards according to arrow H and how
it bends over the object 36 to be printed (state B). The air in the pad 25 is pressed
out of the pad according to G through the over-pressure valve 9 to the outside 40
according to the arrow direction G'. The pressure in the pad thus remains
pressure P.
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Figure 4¢c shows the subsequent 'state C 'wheréin the pad 25 goes upwardly again

according to— H; i.e. to the rest position A The over-pressure valve 9 got closed

and the pressure regulating unit & enters into action. The pressure regulating unit 6

will keep the pressure at pressure P by blowing the right quantities of air in the
pad 25.

Despis thé fact that tHé systéin ac8ording t6 thé invention CONSumes more air, it
enables determining very accurately the pressure in the pad 25 at each time of the
printing cycle. This is a very important parameter for printing spherical objects 30,
particularly with respect to the printing quality thereof, the more that nowadays ever
strongar prnting quality Tequirements get imposed.

Différéft embodiments and altériatives of the apparatus According 16 the invention
are deseribed hereinafter with Figures 6 to 8. The selection of a particular
embodiment depends on various factors, such as printing speed, cost of the
system and desired accuracy of the printing.

Ah 3lfernative of the system with pad 25 with mechanical valves 6, © 4§ described
above brings a solution tc the above-mentioned requirement for finding accurate
and quick valves which are yet able to supply the required flow provided that an
additional pilot valve 13 is incorporated in the system as shown on Figure 5.

i hiS Figure, Said pilot valvé 13 i§ connected diréctly of the &ir supply main 7-
through a compressed air condu-it 11, Further said pilot vaive 13 is aiso dirsetly
connected to the pad 25, particularly the pad holder 1, through a measuring tube
12. Said pilot valve is also directly connected to said pressure regulating unit 6
through & control pressure conduiit 14,

THE Iatiér atérnative thus Shows 8 pad 25 with mechanical Vaives 6, 9 and a pilot
valve 13, wherein this piot vaive-is fed through the compressed air conduit 11.
Through the measuring tube 12 the pressure in the pad 25 is measured by the pilot
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¢
valve 13 and the pressure regulating systefh 6 is controlieéd through the contidl
pressure conduit 14:

Figure 6 SHows & further ditémativé of the §ystém which compnsés a pad 25 with
pressure sensors 19 and an electronica! control unit 18. ©ne eor a plurality of
pressure sensors 19 are incorporated in this alternative of the system at the pad
25, particularly the pad holder 1, with a direct connection to an electronical control
uinit 18 through & conduit 17. Said electronical control Unit 18 i& ih turh connected
to an electronical valve 6 at the admission side on the one-hand and with & over-
pressure valve 9 of the same type as above on the other hand, in each case
through a respective signal carrier 15 and 16.

TRE éléStronical pregsure $ensor 19 measuires continuGusly the right pressure of
the pad 25, wherein this information is taken up in the sensor signal s that is
delivered by said pressure sensor 19.

THiS altémativé 6f embodiment SHOwS at thé iRput §idé Befwash the pad 25 and
the inpul 7 a simple pres?'s-u-re -regula“iar 22 with a buffer vessel 20
streamdownwardly of the supplied compressed air, which is incorporated in the
supply main 4, wherein a nonreturn valve 21 is provided at the inlet of the pad 25.

At the outpiit ™~ of $3id pad, there is provided the sarme dutiet branch a8 i the
above alternatives; i.e. with an over-pressure vaive $:

The sensar sighal & s transmitted 1 ah Blectronic control unit 18, SUth 38, 29 &
PLC; a micro-controtter, & PC, an electrenicat reguiator; and the-like... In case the
measured pressure lies under the programmed value, an electronic valve 6 is
opened by a signal s, along the conduit 15 in order to admit compressed air in the
the value programmed in the control unit 18, another signal s; is sent to the
electrical desaerating valve 9 through the conduit 16.
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Figuire & Shows a still further aiterntive of embodiment which compiises a pad 25
with a-buffer vessel and a nonretumn vaive. in this embodiment, the same over-
pressure valve 9 is used as in the basic embodiment above as shown in Figures 5
and 3 to 4c. However, the inlet is supplied here through a simple pressure
teGUISISF 22 WHich bLilds Up & prasét pressurs in §aid buffer ve&sél 20 in between
the printing cycles. ‘An nonreturn valve 21 prevents the air which is pressed out of
the pad 25 during a printing stage from returning to the buffer vessel 20, since this
would increase the pressure in the buffer vessel. The air pressed out of the pad
jeaves the system through the over-préssure valve ¢ as above. The supply main 4
has a sufficient diameter 50 as to be able to supply the required air flow each time
the pad goes up again away from the printed object 30 after an inking or printing
cycle.

If is further yét poEsible t& uss Eombinations of the smbodiments déscribed above,
wherein it is to be understood that said combinations fall within the scope of
protection of this application.

The pProcess for printing surfaces of an object by méans ot the &bove-déscribed
apparatus consists in first pressing the pad against an initially inked surface, in an
open loop, whereupon the half spherical surface of the pad, which is in close
contact with this inked surface, is flattened so that the figures to be printed are
fraaferrad on the surface of the pad, in subseguently refoving said pad from the
originat surface in order to enable the latter to recover its initial haif spheriwi;hfe-
again, and in subsequently pressing said pad against the three dimensional
spherical and/or curved surface in such a way that said pad encompasses at least
& SpRerical of cufved part of said dbjéct, and in bringing the pad Suiface bearing
the inked figure in contact with the surface of said object, thereby to transfer this
inked figure on the desired spherical or curved part of the receiving object.
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CLAIMS

1.-  Apparatus foF panting three dimensional 6bjécts, particutarly objects Raving
a substantially spherical shape. comprising a pad for printing by means of pad
printing, wherein said pad has a silicon shape with a determined thickness, which
i§ moufited 6n & RollBw pad Koldér (1) madé of an undéformablé matéral which
constitutes an isolated space together with said silicon shape (2), which is supplied
with compressed air and which is connected to a pressure vessel by means of a
Miain elsment (4) providsd theréfor through ad opéning (3), charadteriséd in that
the apparatus is arranged in open loop, wherein there is provided an additional
separate aperture (8) for a separate inlet and outlet of air (3, resp. 8), with a
pressurs FEGUIStING AL (8) éNabling to K&ep thé préssuré in the pad g‘fé'a'téf than
or at a proset level P, whersin said pressure regulating unit (6) regulates the
compressed air which enters the regutator through a supply main (7).

2-  APpafatlS S6COrdgG 16 thé préceding Aaim, characténsed in that thére is
provided an over-pressure valve (9) which is connected to the outlet (8) of the pad
holder (1) through a discharge conduit (4').

3 APparatus a6CoidiRG 0 IAiF 1 of 2, charadténséd in that the pad is
provided with a pilot valve (13) which is fed through a compressed air main (11),
and with a measuring unit (12) for measuring the pressure in the pad and
SoRtroming the pressurs regulating unit (6) through & control prassiiré éonduit (14),
which mutually connects the pilot - valve (13) and the prassure regulating unit (6).

4-  Apparatus 46SOrdingG 16 G of thé précading diaims, characteniséd in hat
said pad (25) comprises pressure sensors (19) for measuring the pressure of the.
pad (25), wherein the signal (s) delivered by said sensors (19) is transmitted to the
SIEGTORICAl CoRtrdl LA (18).

5.-  Apparatus according to oné of the precading Claims, characténsed in that
said pad (25) comprises a buffer vessel (20) and a nonreturn valve (21), wherein
the inlet is provided with a pressure regulator (22) which builds up a preset
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préssure between thé printing cycles in $aid buffer véssel (20) and wherein said
nonretumn valve (21) prevents the air which is pressed out of the pad from returming
to the buffer vessel (20) during a printing stage, wherein subsequently the air
pressad out from the pad leaves the apparatus through the ovar-pressure valve
(9), and wherein the supply main (4) has a sufficient diameter for supplying the
needed air flow each time the pad returns to its rest position (A) after an inking or
printing cycle.

6.- Process for prnting Surfces of an objéct by means of an apparatus
according {o one of the preceding claims, characterised in that it consists in first
pressing_the pad against an initially inked surface, in an open circuit, whereupon
the half spherical surface of the pad, which is in close contact with this inked
Surface, is fattenad 86 that the figuires t bi printéd aré transterred o the surface
of the-pad; in- subsequently removing said pad from the original surface in order to
enable the latter to recover its initial half spherical dnpe; again, and in subseguently
pressing said pad against the three dimensional spherical and/or curved surface in
SUch & way that §3id pad encompasses At Isast 4 sphencal or dlirved part of said
object, and in bringing the pad surface bearing the inked figure into contact with
the surface of said object (30) thereby to transfer this inked figure on the desired
spherical or curved part of the receiving object.
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